Introduction
In the past, a considerable amount of theoretical works have been devoted to the study of the delicate influence of spin fluctuations on superconductivity in various types of strongly correlated fermion systems 11, 21. For liquid 3~e and nearly or weakly itinerant electronic ferromagnets, it was found that the existence of long-lived uniform spin fluctuations (paramagnons) strongly prevent a BCS type of singlet pairing between electrons but in turn can favor a P-wave type of pairing as observed in superfluid 3~e 123. Despite the lack of firm experimental evidence for a P-wave type of superconductivity in correlated electronic systems, spin fluctuations, when they exist, do tend to oppose the standard phonon-mediated mechanism for superconductivity [lb, 21. The hope of many physicists of discovering a novel type of superconductivity induced by spin fluctuations has been recently revived in the context of organic, heavy fermions and copper oxide superconductors [3] . Despite the inherent differences between these compounds it is now well established experimentally that superconductivity is observed in a sector of the phase diagram that is quite close to the one where antiferromagnetic long-range order is stabilized. It appears therefore quite clearly that, for these exotic materials, antiferromagnetism and superconductivity have to be treated altogether in a unified and self-consistent way.
Here, we will be particularly interested in the mechanisms responsible for the interplay between antiferromagnetism and superconductivity in the Bechgaard salts [(TMTSF), X, X = PF6, A s F~, C104 . . . I . For these compounds, the well known common boundary shared by antiferromagnetic and superconducting long-range ordering in the phase diagram [4] is another argument that has to be added to different theoretical approaches as well as a growing experimental evidence for an unconventional type of superconductivity [8] . Furthermore, there is now a great deal of evidence from nuclear relaxation rate experiments [9] that a rather large metallic temperature domain (T < 30 K) precursor to organic superconductivity (Tc 1 K) is dominated by important antiferromagnetic correlations. This indicated that despite the apparent metallic behavior shown by resistivity measurements in this region [4] , ordinary Fermi liquid conditions do not seem to hold for electronic degrees of freedom and, at least locally, the interactions among electrons are dominantly repulsives. The problem posed by the origin of these spin fluctuations is directly connected to the mechanism by which antiferromagnetic long-range order is frustrated under pressure and inevitably to the mechanism of antiferromagnetic ordering itself [lo] .
Origin of antiferromagnetism
In this respect, it is commonly believed that the Overhauser mechanism, which relies on the instability of a 2D or 3D Fermi surface via perfect nesting conditions (the NAF mechanism), is responsable for the spin density wave formation in the Bechgaard salts at weak magnetic fields and below the critical pressure PC for superconductivity [ll] . The NAF mechanism is compatible with a weak coupling itinerant description of antiferromagnetism which exploits the electron-hole symmetry of the 2D or 3D band structure. This is the zero order or the starting point of the theory while the Coulomb interaction is considered as a small perturbation. The itinerancy condition for electrons in consistent with a metallic conductivity and a temperature independent susceptibility above TN 141. Moreover, an interesting property of this model resides in its ability to describe the frustration of the spin density wave formation under pressure when deviations to perfect nesting for the entire Fermi surface are taken into account [ll] . "Last but not the least" , recent detailed as obtained by band calculations [13] . Although these observations are obviously consistent with the predictions of the NAF mechanism for the Bechgaard salts, it turns out however that the nuclear relaxation data is far from being understood in the context of this model [5,9, 101. This is particularly important here since T-' is known to be one of the few experimental probes that is directly connected to the dynamical magnetic electronic susceptibility X: for all wavevectors q namely, This relation offers a unique opportunity to confront theory and experiment in more details. Note that here we will be interested in the low temperature domain of relaxation which is dominated by staggered correlations that is, for q far from zero [14] . If we look at the NAF predictions for TF' when antiferromagnetic correlations near TN are treated in the random phase approximation, we get 1161:
(Qo, T/Tx1) is the static magnetic susceptibility taken at the nesting vector Qo and A* (Txl) stands for the effective local electron-electron coupling constant at T,1, a characteristic energy scale where the 2D or 3D nesting properties become relevant (see below) and below which (2) is meaningfull [lo, 151. The essential properties of this model for the relaxation are illustrated in figure 1. In the absence of any nesting deviations [ll] (e.g. next nearest-neighbor transverse hopping integral tl,a = 0) , x (Qo, T) In (T/T,l) is logarithmic. The singularity of T; ' as 1 T -, TN is characterized by the 3D RPA exponent -2 which agrees with experiment [9, 151 . The RPA critical width predicted for the NAF model is quite small however AT^^^ -10-l TN) [15] being one order of magnitude smaller than observation (Fig. 2) [9c]. Furthermore when tl,2 # 0, TN decreases and the fluctuations induced T; ' enhancement disappears with tl,a which is k n o w to simulate the effect of pressure P [ll] . It turns out that in the neighborhood of the critical pressure PC where TN = 0, no residual T; ' enhancement persists and a normal metal Korringa law (TC' oc T) is observed over all the temperature domain. This is not surprising owing to the logarithmic character of the theory. These results contrast with the experimental situation however (c.f. Fig. 2 ) where the width of the enhancement remains the same as the pressure increases and TN drops off to zero. At P > PC, a rather large but non-critical anomaly is present below 30 K, followed by a sizeable drop of the relaxation near 8 K. This is a quite general observation for the Bechgaard salts at P > PC and is apparently independent of the anion symmetry [9] . The anomalous enhancement can be significantly depressed only for pressures well above PC (Fig. 2) but the temperature at which it becomes detectable is essentially constant and in some cases, like (TMTSF)2 C104, it increases up to 50 K at 10 kbar [gb] . This occurs despite the fact that tl,2 should further increase under high pressure. In view of these experimental facts, we are in a good position to consider an alternative microscopic approach to antiferromagnetic long-range ordering in the Bechgaard salts. In fact, the whole issue of interpreting NMR data can be dealt with by considering the essential role played by the antiferromagnetic exchange in correlating spin densities on neighboring chains. As shown by recent renormalization group calculations [6] , the interchain exchange (IEX) has a kinetic origin and is generated by the combined effect I of the effective interchain single particle hopping t; and the effective local repulsive electron-electron interaction 9'. This is so in the temperature region above T, 1, the so-called dimensionality crossover temperature above (below) which the single particle properties are 1D (2D) [9] . Actually, at T > T,1, the spin density wave amplitudes are thermally localized on each chain in the transverse direction so they can be correlated through an interchain Heisenberg type of inter-1 action namely, 2 J; (T) dzOi (x) .Oj (x) . Here 
This coupling is present despite the metallic character of the isolated chains. The perpendicular thermal localization of spins has no equivalent in isotropic systems where J; turns out to be zero in weak coupling (g' < 1) . Being proportional to gt2$, the IEX coupling can be seen as an interchain electron-hole tunneling which favors the coherent propagation of 1D AF correlations in the transverse direction, a necessary condition for long-range ordering. As mentionned before, this can be so as long as the perturbation parameter ~;/TT in (3) remains small that is, above T,1 c z &/r < TN. Otherwise, it is the NAF mechanism that can drive the transition under good 2D nesting conditions. As TN occurs in the 1D regime of single particle properties for the IEX model, the expression (1) for the AF contribution to the relaxation near TN will be given by 19, 161: where TIEX = 1 -F; (Qo, J;, T) X~D (2kFj T) . F; is a complicated function of the temperature and of J;, at the transverse modulation vector q : [6] . It turns out that the modulation vector Qo = (%F, q?) for the IEX mechanism also coincides with the one of best nesting [IT] . XID ( 2 k~, T) is the correlation function at 2 k~ which presents a power law type of singularity at T > T,1 ( X~D Z~D T-'ID, 0 < YID s 1). It is clear from (4) that 1D AF effects enhance the relaxation, a well established situation in the context of AF (TMTTF), X compounds where a 1D fluctuation domain with %D = 1 (TT' = cst) has been clearly observed [18, 161 as a precursor of the square root singularity in (4) . This strongly supports the relevance of the IEX coupling for the (TMTTF), X series which is only a few kilobars apart from the Bechgaard salts series in a unified phase diagram [19, 161 . Therefore, the observation of similar enhancements for the selenide compounds at P > PC suggests that the IEX coupling would still be active below PC even though the region above TN is metallic. This is further supported by the effect of pressure on TN. Pressure will increase the value t; and if T,1 is not too far below TN, one can show [20] that the combinaison of Fermi distribution factors involved in the 1D 2 k~ nesting will affect the growth of X~D at 2kF. Whenever these conditions are realized, it follows that TN decreases rather rapidly under pressure until TN Txl where TN dropps off to zero. The TT' calculation at this critical pressure however shows quite clearly that a large domain of enhancement subsists at T >> Tzl, in remarquable agreement with experiment (see Figs. 1 and 2) . Such an enhancement then results from the interplay between x ID, J; and T, 1. In fact, T, 1 acts to reduce the number of electronic degrees of freedom that satisfy the 1D nesting condition. This gradually depresses XID, r&S2
and therefore TN. The reduction of 1D degrees of freedom becomes optimal at T, 1 where a sharp drop of the enhancement is obtained. Such an anomaly is clearly visible experimentally and this served as an estimate of the actual low value of T, 1 (T, 1 N 8 K) [Q]. This rather low temperature value has been interpreted as a renormalization oft; in terms of 1D quasi-1D many body effects [9, 211 .
Origin of superconducting pairing
At the critical pressure PC, there is no possibility of antiferromagnetic ordering. In fact, the dimensionality crossover T, 1 frustrates the IEX induced instability of the electron-hole channel at 2 k~ Above PC, however, a frustrated interchain coupling in the electron-hole channel can induce an instability in the electron-electron channel for superconducting type ordering. This can occur since the Cooper channel instability relies on a time inversion symmetry and is not affected by 2D nesting deviations below T, 1 which prevent the NAF mechanism'to be relevant in this temperature domain. This is especially interesting for the IEX coupling whose amplitude reflects the strong correlation between the two different parts of the Fermi surface, a necessary ingredient for superconductivity. This IEX coupling is equivalent to an interchain exchange of electrons which leads to an attractive pairing interaction between in-and out-going electrons on dif-ferent stacks that participate to the process. Above T,1, this interaction grows and is mediated by the transverse propagation of 1D antiferromagnetic correlations. Therefore, owing to the presence of the IEX mechanism above T,l, one has the possibility for the antiferromagnetic and superconducting correlations to coexist; this is usually forbidden in the absence of t l . The interchain pairing correlation function has been shown to become singular at T >> T,1 [lOa] whenever the effective attraction induced by the IEX amplitude is sufficient to screen out the interchain Coulomb repulsion which in turn is expected to be small. It is also obvious that the presence of important antiferromagnetic correlations near PC will enhance the strength of interchain pairing fluctuations. In this respect, it is worth noting that the zero frequency collective mode commonly observed in far infrared conductivity measurements for the Bechgaard salts at low temperature could result from such correlations [22] . It is interesting to note that the zero frequency collective effects on the conductivity have been observed well above TN at P < PC [22] . Therefore, it is clear that these transport properties become hardly understandable within the predictions of the anisotropic Fermi liquid, model, such as in the N.4F model.
As far as the possibility of superconducting longrange order is concerned, its stabilization can hardly occur at T > T,1 due to the natural tendency to antiferromagnetism. However, this is no longer true below I T,1 when the relevance of tl becomes sufficiently important to allow anisotropic 2D single-particle motion. In this respect, it is interesting to look at the interstack mean-field singlet superconducting gap equation below T, I [6] :
where we have included the most important contributions for the inter-and intrastack couplings. These all take their renormalized value at T,1 as dictated by the renormalization group equations above T, 1 [6] . This temperature is the high energy cutoff in the summation in equation (5) . The solution of the gap equation turns out to be independent of the local intrastack repulsion gJ. Because of the inter-stack character of the effective electronelectron attraction, as seen in the ICI dependence of JL in equation (5), the electrons are able to avoid one another quite efficiently. The resulting gap A (kl) = !A( cos ( k l d l ) is anisotropic and vanishes on lines (on points) for a 3D (2D) Fermi surface. This profile of the gap is consistent with the one deduced from the NMR data of Takigawa et al. 181 . Starting the full second order 1D renormalization group procedure with reasonable weak coupling values for the g's and realistic band parameters tll and t l for the Bechgaard salts, it has been shown [6b] that T,1 is significantly reduced while the antiferromagnetic correlations are enhanced near this temperature. Preliminary results for the numerical solution of (5) below T,l have shown a finite superconducting Tc N 0.03TX1 which has the right order of magnitude if one takes Txl -10 K. Tc has been shown to be strongly depressed by pressure in agreement with experiments [4] . The values of Jl used in this calculation are consistent with the large NMR relaxation enhancement seen in figures 1 and 2.
Many authors have recently suggested that a nearly unstable 2D or 3D Fermi surface near PC would favor an anisotropic kind of pairing in the Bechgaard salts [5] . In view of the quite small energy scale T, 1 deduced from the relaxation data above PC (Fig. 2) , the relative importance given to this mechanism for the Bechgaard salts should be small. In any case, the IEX coupling generated above T,1 and which is neglected in these approaches should enter as an additional renormalization of the electron-electron coupling constant A* (T, 1) contained in the Stonerefactor of the NAF model in (2). Actually, the IEX mechanism can be seen as the ternperature precursor of the 2D or 3D nesting properties.
It is clear from the above discussion that the delicate influence of interchain coupling over a large 1D domain of temperature can play a fondamental role for the interplay between antiferromagnetism and superconductivity in the Bechgaard salts. From the NMR data analysis, it is also clear that the same influence can give a coherent interpretation of the absence of Fermi liquid type of nuclear relaxation observed down to the vicinity of the superconducting transition temperature. This gives a strong support to the relevance of the IEX mechanism for the Bechgaard salts.
